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Abstract (Basic): WO. 9721509. A 

An apparatus for processing material into a thixotropic state, the 
apparatus comprising : 

a) an extruder (14) barrel (38) having an inlet (36) and an outlet 
(56), the inlet located toward one end of the barrel to receive the 
material in a solid liquid or semi-solid state into the barrel at a 
first temperature, the outlet to transfer the material out of the 
barrel; 

b) a feeder (12) for delivering the material into the barrel 
through the inlet; 

c) heaters for controlling temperature of the material to a second 
temperature where the material is in a semi-solid state, the second 
temperature being between a solidus and liquidus temperature of the 
material; 

d) shearing means for inducing a shearing action into the material 
in a manner inhibiting dendritic growth and inducing formation of 
spherical degenerate dendrites within the material and maintaining the 
material in a semi-solid thixotropic state; 

e) a shot sleeve (16) having an inlet (58) and the outlet nozzle 
(72), the inlet located at one end of the shot sleeve and the outlet 
nozzle at an opposing end. 

The inlet of the shot sleeve being positioned to receive the 
material from the outlet of the barrel; 

f ) a ram (76) mounted for axial movement within the shot sleeve 
between fore and aft positions with an actuator (82) for causing the 
movement to eject the material out of the shot sleeve through the 
outlet nozzle; 

g) a controller (20) controls the feeder motor (32) and extruder 
motor (48) to meter a predetermined amount of the material into the 
shot sleeve, the predetermined amount corresponding with an amount 
capable of being discharged out of the outlet nozzle during one cycle 
of the ram; 

h) valve for closing and sealing the inlet of the shot sleeve 
during movement of the ram preventing backflow of the material through 



the inlet during forward movement of the ram; and, 

i) environment means for providing a protective atmosphere fcr the 
material while in the apparatus, the protective atmosphere being 
non-reactive with the material. 

USE - In the production of a thixotropic state in metallic 
materials in order to die cast, mould or forge the materials. 

ADVANTAGE - Unlike typical die casting and forging machines, the 
apparatus uses a feed stock of a- metal alloy at room .temperature . _ 

This eliminates the use of melting furnaces in the die casting or 
forging process along with the associated limitations. 

The apparatus is also capable of accepting liquid feed stock and 
thus is immediately compatible with existing die cast foundry 
operations that might not be equipped to immediately adopt the use of 
solid feed stock in a chipped or pelletised form. 

The apparatus transforms the room temperature feed or stock or 
liquid feed into a semi-solid, thixotropic slurry which is fed as it is 
formed directly into the shot sleeve from which the metal is die cast 
moulded or forged. 

As with parts formed by the injection moulding of thixotropic 
materials, it is anticipated that articles formed in the apparatus will 
exhibit a considerably lower porosity than conventionally die cast 
articles. 
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(57) Abstract 

An aimantus for procMsiiu material into a semisolM maieiial thixotropic nate and jubscquently die catting the materials. The 
appaxams S^a *eKI?^S«usm (14, and a shot sleeve (16) and abo includes a bancl (38) which is «lap.ed ^e-VUhe'soM 

material thereinto l one end. A, the material is passed through the bai«l (38) it .s subjected to sheanng and I^J^nj 
w bring the materUI to a temperature which pennits the presence of both liquid and soluJ partKles thcrem. The s»«anng action promotes 
tSeTor^Uon S non-dendritic^herical particles and. accordingly. . semisolid thixotropic slurry .s fom,«^ From the *«^"f 
14) thTslmy is metered into a shot sleeve (16) and once a single shot or charge of the slurry « received therem. a ram (76) ,» advanced 
to force the slurry into a casting die cavity (100) where It solidifies in die form of the desired article. 
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APPARATUS FOR PROCESSING SEMISOUD 
THIXOTROPIC METALUC SLURRIES 

5 BArKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to »i apparatus for producing a thixotropic state in metalic materials 
in order to die cast, mold and forge these materials into articles of manufacture. 

2. DescriDtion of the Prior Art 

10 Metsd compositions having dendritic struaures at arnbient temperatures conventional^ 

been melted and then subjected to high pressure die casting procedures. These conventional die 
casting procedures are limited in that they exhibit porosity, melt loss, contamination, excessive 
scrap, high energy consumption, lengthy duty cycles. limited die life, and restricted die 
configurations. Furthermore, conventional processing promotes formation of a van ty of 
15 microstructural defects, such as porosity, that require subsequent, secondary processing of the 
articles and also result in use of conservative engineering designs with respect to mechanical 
properties. 

Processes are known for ftwming these metal compositions such that their microstrxictur s 
consist of rounded or spherical, degenerate dendritic particles suffounded by a continuous liquid 

20 phase as opposed to a classical equilibrium microstructure of dendrites sun-ounded by a continuous 
liquid phase. These new stmctures exhibit non-Nev4onian viscosity, an inverse relationship 
between viscosity and rate of shear, and are thus lM.own as thixotropic materials. 

One process requires heating of the metal composition or alloy to a temperature above its 
liquidus temperature and then subjecting the liquid metal alloy to a high shear rate as it is cooled 

25 into the region of two phase equilibria. A result of the agitation during cooling causes the initially 
solidified phases of the alloy to fomi as rounded primary particles (as opposed to interconnected 
dendritic partdes). As a result, the primary solids are comprised of dlsaete. degenerate dendritic 
spherules surrounded by a matrix of an unsoRdified portion of the liquid alloy. 

Another method for forming thixotropic materials involves heating the metal alloy to a 

30 temperature at which most but not all of the metal is in a liquid state. The alloy is then f d into a 
temperature controlled zone where it is cooled to a constant temperature and agitat d. The 
agHation of the material during cooling converts any remaining solid partides into deg nerate 
dendritic spheniles. In this method, it is prefened that when initiating agitation, the semisolid metal 
contain less solid than liquid. 

35 An injection molding technique using metal alloys delivered in an "as casf state has also 

be n s en. With this technique, the feed material is fed into a redprocating screw injection unit 
wh re it is externally heated and mechanically sheared by the action of a revolving saew. As the 
material Is agitated by the screw, it is moved fonward within th ban-el. The combination of partial 
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melting and simultaneous sh aring produces a slun7 of a liquid containing discret deg nerate 
dendritic sph rical particles, or in oth r words, a semisolid state xhibiting thixotropic properties 
Th semisolid material thixotropic slurry is delivered by the screw to an accumulation zone in th 
barrel which is located between the extmder nozzle and the screw tip. As the sluny is delivered 
5 into this accumulation zone, the screw is simultaneously wrthdrawn in a direction away from the 
unit's nozzle. This limits the pressure build-up between the nozzie and the screw tip. Once an 
appropriate amount of slurry for the production of the article to be produced has accumulated in the 
accumulation zone, the screw is rapidly and automatically driven forward injecting the semisolid 
material thixotropic slurry into the die cavity and fonmino the desired solid article out of the semisolid 

10 thixotropic slurry. 

While an apparatus has been seen for injection n)oiding these two phase semisolid material 
thixotropic slurries over a wide range of temperatures, the application of these materials to die 
casting and forging processes has not yet been detailed. One exception to the above are the 
processes limited to very high solid fractions, greater than 50% by volume, which involve separat 

15 processes for (1) prefomiing a billet with thixotropic properties. (2) sizing the billet. (3) reh ating 
the billet to the critical temperature of its formation, (4) handling and (5) placing it in a device for 
final forming. 

In view of the foregoing, it should be apparent that there still exists a need in the art for an 
apparatus capable of exploiting the benefits of producing semisolid material thixotropic slurry for 
20 use in die casting and forging processes. 

It is therefore a primary object of this invention to fulfil that need by providing a system for 
processing semisolid material thixotropic slurry which is directly adaptable to die casting or forging 
apparatuses. 

An object of this invention is to allow for the use of semisolid material thixotropic slurry in 
25 an apparatus which is more recognizable to end users, such as metal part manufacturing 
companies. 

Another object of this invention is to provide an apparatus which is of a conventional size 
as compared with previous die casting machines. 

A further object of this invention is to provide an apparatus having an increased mat rial 
30 capacity over prior thixotropic injection molding machines. 

StiH another object of this invention is to provide an apparatus which eliminates the need 
for maintaining an inventory of pre-sized billets for die casting purposes. In this regard a related 
feature is that no longer will such pre-sized billets have to be rapidly and uniformly heated from a 
storage temperature to a nominal formation temperature and then physically transferred to a shot 
35 sle V . Accordingly, th present inv ntion also eliminates th problems of typical die casting 
machines associated with shape retention f the preh ated billets prior to loading of the billet into 
the shot sleeve. 
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Another object of this inv ntion is to provide an apparatus which liminates the need for 
physical hsndltng or preheating of a solid charge before introduction to the shot si eve of the die 
casting machine. 

5 gi IMMARY OF THE INVENTION 

Briefly described, these and other objects are accompUshed according to the present 
invention by providing a semisolid material thixotropic slurry processing apparatus having an 
extruder coupled to a shot sleeve further coupled to a casting die. The extruder barrel includes an 
inlet located toward one end of the barrel and an outlet located at the opposing end of the barrel. 
10 The inlet is adapted to rw»v» the nuterial into the barrel from a solid particulate or pelletized metal 
feeder, or liquid metal source, at a first temperature. The outlet is adapted to transfer the mat rial 
out of the barrel at a second temperature. By estabfishing an appropriate thermal gradient, heating 
elements about the barrel serve to heat the material Into the two phase region or altemately to cool 
the material to the second temperature. This second temperature is between the solidus and 
1 5 liquidus temperatures of the material virherein the material will be in a semisoyd state, i.e., there is 
a thermodynamic equilibrium between the primary alpha solid phase and the liquid phase. 

A non-redprocating extruder screw is located within the ban-el and is rotated to move the 
material thfwgh the barrel, from the inlet to the outlet, in manner which subjects the mat rial to a 
mechanical shearing action as its temperature is being adjusted to the second temperature. The 
20 oxnbination of these actions produces the thixotropic structure consisting of rounded degenerat 
dendrites surrounded by a Bquid phase within the material. 

A shot sleeve, consisting of a second heated banel or sleeve with an inlet passageway and 
an outlet nozzle, receives the material from the outlet of the extruder barrel. The outlet nozzi of 
the shot sleeve includes a temperature control mechanism, although additional bands around the 
25 shot sleeve itself may prove beneficial for large capacity shot sleeves. 

Mounted for axial movement vwthin the shot sleeve is a hydraulically actuated ram that can 
be preferably accelerated at velocities of up to 200 inches per second. In order to meter a 
predetermined amount of the semisolid material thixotropic slurry into the shot sleeve from the 
extruder, a controller is coupled to the feeder and the drive mechanism which rotates the extruder 
30 screw. When an amount of material coresponding with the amount capable of being molded or 
die cast during one shot cyding of the ram has been received within the shot sleeve, screw rotation 
is interrupted and the controller initiates actuation of the ram toward the outlet nozzle. 

Generally simultaneously therewith, the controller also doses a valve which seals the inlet 
into the shot sleeve during movement of the ram. The valve prevents backftow of the mat rial into 
35 the extruder during fonward mov ment of the ram. Additionally, the valv prevents the inflow of 
mat rial into the shot sleeve generally behind the ram v>rtien the ram is locat d between th inlet 
and the outlet nozzi of the shot sleeve. The valve may be selected from a variety of slid gate 
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valves or utilizing a trailing shroud or skirt on the ram. the former f which is known in the industry 
Th inv ntion also indud s a gas and evacuation source which provid s a protectiv 
atmosphere for the material while in the apparatus. The protectiv atmosphere is non-reactive with 
the material and may be selected from a variety of non-reactiv gases with Argon preferred for 
5 processing Mg alloys. From the outlet nozzJe, the material is forced in a die cavity defined by a tv^ 
part mold including a stationary part md movable part. In one aHemative embodiment of the 
invention, the shot sleeve is inclined relative to the casting die with the nozzle outlet below the inlet. 
In another embodiment, multiple extaiders are used with a single shot sleeve to increase th 
charge capacity of the shot sleeve. 
10 Additional benefits and advantages of the present inventkxi wilt become apparent to thos 

skilled in the art to which the present invention relates from the subsequent description of th 
preferred embodiment and the appended daims, taken in conjunctk^n with the accompanying 
drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is schematic illustration of one embodiment of an apparatus for processing 
thixotropic materials according to the principles of the present invention; 

FIG. 2 is schemata illustration of a shot sleeve and casting die according to the prindples 
of the present invention illustrating the relative angles therebetween; 
20 RG. 3 is a schematic illustration of the apparatus according to the present invention and 

being utilized with forging dies; 

FIG. 4 is a schematic illustration of another embodiment of the present invention showing 
multiple extniders being used with one shot sleeve; 

FIG. 5 is a schematic illustration of another embodiment of the present invention showing 
25 the extruder angled with respect to the shot sleeve; and 

FIG. 6 is a schematic illustration of an electromagnetic pump assodated with the barrel. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention disdoses an apparatus for processing materials into a thixotropic 

30 state and molding the material to fonm molded, die cast, or forged articles. Unlike typical die 
casting and forging machines, the present invention is adapted to use a room temperature feed 
stock of a metal or metal alloy. This eliminates the use of a melting furnaces in the die casting 
forging process along with the limitations assodated therewith. It is also capable of accepting liqukl 
feed stock and thus is immediately compatible with existing die cast foundry operations that might 

35 not b equipped to immediately adopt the use of solid feed stock in a chipped or pdlettzed f rni. 
Th apparatus of the present inv nti n transf rms the room temperature feed stock or liquid feed 
into a semisolid, thixotropic slurry whteh is fed as it is formed directly into th shot sleeve from 
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which the metal is die cast molded, or forged. 

As with parts formed the injection molding of thixotropic mat rials m ntioned above, it 
is anticipated that artid s formed in th apparatus of th present invention will exhibit a 
considerably lower porosity than conventionaUy die cast artides. It is well known that by decreasing 

5 porosity the strength and ductility of the part or artide can be increased. Obviously, any reduction 
in casting defects as well as any decrease in porosity is seen as being desirable 

Referring now to RG. 1, an apparatus embodying the prindples of the present inv ntion is 
sdwmatically Olustrated therein and designated at 10. The die casting apparatus 10 of the present 
invention will be seen as incoiporating some features v»>hich have analogous features in 

10 conventional die casting equipment. This is actually benefldal since it allows individuals already 
familiar wrth die casting equipment to quickly become aodimated to the processing of thixotropic 
materials with the present invention. Furthemnore, it provides the opportunity for die casting 
machines to be cost effidently retro-fitted to enable the processing of materials into a thixotropic 
state. Principally, the apparatus 10 of the present invention indudes a feeder 12. an extmder 14, 

15 a shot cylinder 16, a molding station 18 and a system controller 20 which coordinates the various 
operations of the other elements. 

The feeder 12 is a gravity feeder and indudes a feed hopper 22 in which the feed stock 24 
is kept at room temperature. Preferably the feed stock 24 is provided in either a pellet or chipped 
fomi, wrth the chip form being the most prefenwl, and is of a size v^thin the range of 4-20 mesh. 

20 One group of metal alloys which are suitable for use in the apparahjs 1 0 of the present inventkjn 
indude the magnesium alloys. However, the present invention should not be interoreted as being 
so limited since it is believed that any metal or metal alloy which is capable of being die cast can 
be processed into a thixotropic state and will find utility with the present invention, in particular Al 
and Zinc based alloys; 

25 At the bottom of the feed hopper 22. the feed stock 24 is gravitationally discharged through 

an outlet oriftee 26 into a volumetric feed cylinder 30. A feed auger (not shown) is located within 
the cylinder 30 and is rotationally driven by a suitable drive mechanism 32. such as an ledric 
motor. Rotation of the auger within the feed cylinder 30 advances the feed stock 24 at a 
predetermined rate for delivery to the extmder 14 through a conneding conduit 34. Dep ndingon 

30 whether the material 24 is in a sdid or molten/lk^uid form, alternative delivery systems can be used 
where appropriate. 

Where molten material 24 is being fed into the extmder ban-el 38. feeding can be by a 
robotic ladeling nrwchanism, by hand or by a pumping of the molten material, such as by 
eledromagnetic or indudive pumping. The advantage of the above is that, when retro-fitting the 
35 pres nt invention t xisting foundry equipment, no new material handling concerns are raised. 

As an altematw to the extruder 14 and as schematically shown in FIG. 6. ledromagnetic 
or indudive pumping can being employed, entirely obviating the need for an extmder. 
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This is achieved by incorporating an electromagnetic device or pump 39 of common design 
around a conveyance barrel 38 that connects to and delivers the slurry to the shot sie v 16 
Devices of this kind are used by property on nting and operating the lectromagnetic field produced 
bythepump39t puntprrwllen metals from ^o^ to another e.g. from a feeder 30 of molten 
5 metal to the shot sleeve 16. The electromagnetic field fulfills a further purpose by stining and/or 
shearing the fluid which, if its temperature is allowed to drop into the two phase semisolid range, 
can be adjusted to alter the dendntic solid to nodutar/rounded particles ratio imparting th 
thixotrapic state to the slurry. Mixing and stirring during this pumpingAransfer process can be 
funher augmented by incorporation of stationary turbulators or elements 41 on the inner diam ter 

10 of the transfer barrel 38. Such turfouiators 41 enhance heat transfer from and to the material. A 
preferred embodiment would come from a dass of spiral vanes. Memately changing ttie rotation 
of the moving fluid from clockwise to counter-clockwise as it progresses toward the shot ste ve 
This action will further benefrt the establishment of the desired temperature in the semisolid 
material thixotropic stunry since the fluid will, in most instances, be introduced to the mechanism 

15 at or above it's melting point. 

When m extnxler is utilized, the conduit 34 is coupled to a feed throat 36 in a ban-el 38 of 
the extruder 14. The extruder barrel 38 defines a cylindrical passageway 40 which is lined with a 
sleeve 42 that increase the wear resistance of the barrel 38. Suitable barrel 38 materials may 
include alloy 718, alloy 2888 and H21 tool steel. Suitable sleeve 42 materials depend on the 

20 partcular material being processed. For example, with magnesium these include cobalt-chromium 
alloys. 

Located with the passageway 40 of the barrel 38 is a rotatabie extruder screw 44. A helical 
vane 46 extends about the screw 44 and propels the feed stock 24 through the passageway 40 
during rotation of the screw 44. Like the auger located within the feed cylinder 30. the extroder 
25 screw 44 is rotated by an appropriate drive mechanism 48. such as an electric motor. The extruder 
screw 44 terminates in a tip 54 which is adjacent to the exit opening 56 of the passageway 40. This 
opening 56 in turn leads to the feed throat 58 of the shot cylinder 16 which is further described 
below. 

Along its fonward length, it can be seen that the barret 38 is encircled by a temperature 
30 control apparatus which causes the feed stock 24 to be heated or cooled, depending on the 
temperature and state at which the material 24 is introduced into the barrel 38. due to conductk^n 
through the ban-el 38. The temperature control apparatus can be provided with various types of 
heating or cooling elements in order to achieve this intended purpose. As illustrat d. 
heating/cooling 52 elements are representatively shown in FIG. 1 and consist of resistance band 
35 heat rs or cooling coils. An induction h ating coil may b used in an aKemat configuratk>n to 
provid more rapkl heat up of the ban^el 38. The band resistance heaters 52 are preferred in that 
they are more stable in operation, I ss expensive to obtain and operate and do not unduly limit 



-6- 



wo 97/'2I509 



PCTVS% 19-63 



h ating rates or capacity, including cyde times. 

As seen in FIG. 1, the rear or aft end of the barrel 38 n ed not b provided with heat rs 
While h at rs are seen in the figures, the actual numtwr can be more or less depending on the 
specific application. 

5 Tightly wrapped over the temperature control elements 52 is an insulative layer or blanket 

50 which facilitates heat transfer through the baoel 38 to or from the melt. To further maximize 
heat transfer in through the cylindrical portion 66. as well as to minimize heat/gain losses to the 
surnxmdings. a housing 86 can be disposed exteriorly about the length of the shot sleeve 16. but 
is generally not believed to be necessary. Additionally, the extruder 14 is rigidly mounted with 

10 respect to the shot cylinder 16. To facilitate tNs mounting, the barrel 38 is provided with a radial 
flange 60 adjacent to the exit opening 56. The ftange 60 is secured by threaded fasteners 62 or 
other conventional fastening methods to a conesponding flange 64 adjacent the feed throat 58 of 
the shot sleeve 16. 

The shot sleeve 16 includes cylindrical portion 66 which defines a passageway 70 

15 therethrough. Suitable materials for the cylindrical portion 66 respectively include .typical shot 
sleeve materials of construction (tod steels). The cylindrical portion 66 might also include a sleev 
liner (not shown) constructed from cobalt-chromium alloys, silicon-nitride, and other materials found 
to give a longer useful life to the liner. 

The feed throat 58 is generally located toward one end of the shot sleeve 16 and d fines 

20 a passageway through both the barrel 66 and the liner 68. Generally located at the opposing end 
of the shot sleeve 16 is an outlet nozzle 72. The nonle defines an outlet passageway 74 leading 
to the molding station 18. 

Located within the passageway 70 of the shot sleeve is an axially movable ram 76 which 
includes a head 78 to which is attached a rod 80. Axial movement of the ram 76 is induced by an 

25 appropriate actuator 82. such as a hydraulic actuator, in which the rod 80 tenninates. The head 
78 of the ram 76 can be advanced and retracted a distance within the passageway 70 such that, 
when in its retracted position, the feed throat 58 of the shot sleeve 16 is located between the h ad 
78 and the outlet nozzle 72. In its extended or advance position, the head 78 of the ram 76 is 
located between the feed throat 58 and the outlet nozzle 72. 

30 Positioned about the cylinder 66 and along substantially its entire length is a blanket 85 f 

insulative material. The blanket 85 maintains the material accumulated within the passageway 70 
at a temperature generally corresponding to the temperature at which the material is discharged 
from the extruder 14. If desired, but not believed necessary, a series of heating elements, similar 
to the band resistance heaters 52 discussed previously, can be positioned about the cylinder 66 

35 Such h aters may prov useful with larg capacity sh t sleeves in the v nt the f ed rate from the 
xtruder 14 to th shot sleeve 16 is r latively long in comparison to conventional die casting 
techniques. 
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Temperature control bands 84 are also placed about th outlet nozzle to control rts 
t mper^ure and penrtfi fomiation of a solid plug as discussed belov^. The plug gen rally prevents 
drooling, oxygen ent ring into the shot sleev 16, and also facilitates evacuation of th die of the 
molding station 18 when desired. 
5 To secure the shot sleeve 16 to the molding station 18. the barrel 66 is provided with a 

radial flange 88 adjacent to its nozzle end. The flmge 88 is secured to a stationary platen 90 of the 
molding station 1 8 by threaded fasteners 92 or another suitable fastening method. It may also have 
a flange and be held in positicn by a pair of hydraulic pulley cylinders that prevent unlatching during 
a shot cyde. 

10 Whie not believed required, a casing 86 could be placed about the entire shot sleev 16. 

The stationary plate 90 cooperates with a movable platen 94 and each has respectivety 
attached thereto a stationary mold half 96 and a moveable mold half 98. Mold halves 96 and 98 
include surfaces which combine to define a mold cavity 100 in the shape of the arbcle being 
molded. Connecting the mold cavity 100 to the outlet passageway 74 of the nozzle are a runn r 

15 102. gate 104 and sprue 106. 

Translalional movement of the movable platen 94 and movable mold half 96 is caus d by 
one or more actuators 108. The actuators 108 include movable rods 110, one end of which is 
fixedly secured to the movable platen 94 by a brace 1 12. Actuation of the actuators 108 causes 
the rDds 1 10 to be advanced out of the actuators 108 and this in turn, through the brace 112, forces 

20 the movable platen 94 into surface-to-surface engagement with the stationary platen 90 as is 
generally irxiicated by the mold parting line 114. 

To provide an evacuated atmosphere withri the nfK>ld cavity 100 during molding of the part, 
evacuation ocors through a pair of lines 1 16 connected to evacuation source 118. Line 1 16 and 
the evacuation source 118 can t>e provided with rospect to either mold half 96. or 98 and one need 

25 not particularty be associated with either the stationary mold half 96 or the movable mold half 98. 

As mentioned previously, the system controller 20 coordinates operation of the vahous 
elements of the apparatus 10 of the present invention. The system controller 20 preferably includes 
a programmable microprocessing unit (MPU) 120 which is connected through line 122 to the drive 
mechanism 32 of the feeder 12, through line 124 to the drive mechanism 48 of the extrud r 14. 

30 through line 126 to an actuator 140 of a slide gate 142. through line 128 to the actuator 82 of th 
shot sleeve 16 arxJ through line 130 to the actuators 108 of the mold 18. Additionally, the system 
controller 20 is coupled to the gas arxl evacuation sources 116 and 1 1B and may be coupled to th 
induction coil heaters 50 arKj the band resistant heaters 52. 

During operation of the apparatus 10. the heaters 50 and 52 are turned on to thoroughly 

35 heat the ban-el 38 of the extruder 14 to th proper temperature or temperatures along its length. 
The system controller 20 then actuates the drive mechanism 32 of the feeder 12 causing the auger 
within the feed cylinder 30 to rotate. This aug r propels th room t mperatur feed stock 24 into 
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the transfer conduit 34 wh re a protectiv atmosphere is rriaintained by an in rt gas atmosph re 
or evacuafien scurcs 132 cennsciad to tfia transfer conduit 34 by supply line 134. The source 132 
and Hne 134 are used to introduce an inert gas, such as Argon, berig provided int the environment 
within the extmder and shot sleeve as further described below. 

5 From the transfer conduit 34. the feed stock 24 passes through the feed throat 36 in the 

extmder baffel 38 where it comes irto contact with the rotating extnjder screw 44 which is being 
rotated by the <*ive mechanism 48 that was actuated through line 124 by the system controller 20. 
Within the passageway 42 of the exinjder 14. the feed stock 24 is propelled therealong by the van 
46 of the screw 44. As the feed stock 24 passes through passageway 42. the heat generated by 

1 0 the heaters 52 raises the temperahire of the feed slock 24 to a temperature between its solidus 
tempeiBture and its liquidus temperature. WHhin this temperature range, the material of the feed 
stock 24 fbmis a semisolid state conr^sed of the liquid phase of some of its constituents in wrtiich 
is disposed a solid phase of other of its constrtuents. The rotation of the screw 44 and van s 46 
induces shear into the semisoHd material at a rate sufficient to prevent dendritic growth wHh respect 

15 to the solid particles in the semisolid material creating a thixotropic sluny. Depending on the 
particular appBcatkxi and artcle being mokled vwth the molding station 18. the temperature induced 
in the slurry, as vrall as the shearing of the screw 44. vwll preferably provide for fraction solids (f.) 
vwthin the range of 0.05 f, to .66 f, in the semisolid material. 

If desired, the feed stock 24 can be provided into the barrel 38 of the extmder 14 aft r 

20 having already been initially heated so that the material is in a semisolid state or in a fully molten 
(all liquid) supertieated state. In this case, the action of the screw 44 propels the material and the 
vane 46 induce shear to inhibit dendritic gnawth resulting in the thixotropic sluny. If the material 24 
is provided in a fully liquid state, the temperature control mechanism is adjusted so as to cool th 
material 24 from an all liquid state to a mixture of solid and liquid. 

25 As mentioned above, the thixotropic sluny is received into the shot sleeve 16 through the 

feed throat 58. While in the shot sleeve 16 the temperature of the sluny remains within ± 5-0 of 
the temperature of the sluny exiting the extruder 14. 

The slurry is continuously fed into the passageway 70 by the screw 44 until an amount of 
sluny equivalent to that necessary for completely filling the die cavity 100 in a singi sh t is 

30 contained therein. The system controller 20. by varying the drive inputs from the drive mechanisms 
32 On the feeder 12) and 48 (in the extmder 14) causes the proper amount of sluny to be metered 
into the shot sleeve 16. As mentioned above, an inert atmosphere is maintained within the 
passageways 70 and 40 of the shot sleeve 16 and extmder 14. An inert gas. such as Argon, is 
provided from a source 136' which communicate with the passageway 70 through lines 138'. 

35 Depending on the ratio of liquids to sofids in th semisolid sluny. it is r cognized that th 

molten material entering th shot sleeve 16 will have a relativ ly high viscosity as th shear stress 
is reduced. Th charge will accumulate in a manner that disposes most of its mass on th bottom 
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surface of the shot sleeve 16. 

Once the proper smount of sfurry has been att^imulated within the passageway 70 of the 
shot sleeve 16. for the article t be mold d, along with a nominal amount for a residual cushion 
after die fiHing. the system controller 20 causes the actuator 82 to advance the ram 76. Generally 
5 simultaneously with the advancement of the ram 76 and preferabty slightly therebefore. the system 
controlier 20 also slows or stops rotation of the screw 44 and causes the actuator 140 to advance 
the slide gate 142 so as to obstruct the exit opening 56 of the extruder 14. Closing of the slide gat 
142 serves two purposes including preventing the badcflow of the slurry into the extruder 1 4 during 
advancement of the ram 76 and preventing the slurry from being dispensed into the shot sleev 

10 16 behind the advancing ram 76. As an alternative to the slide gate 142. the ram 76 can be 
provided with a ram skirt or shroud 143 that will ocdude the inlet throat 58. The shroud 143 
extends rearward from the head 78 of the ram 76 a dstance which is greater than the stroke of th 
ram 76. Accordingly, as the ram 76 is advanced, the shroud 143 occludes the inlet throat 58 and 
continues to do so imtil the ram 76 is ag»n fully retracted. In this way. material is not inadvertently 

1 5 deposited reanvard of the head of the ram 76. 

The ram 76 is activated utilizing the controller 20 to initially accelerate to a velocity of 
approximately 1 to 5 inches/second. This compacts the shot charge in the forward end of th 
sleeve 16 adjacent to the nozzle 72. The relatively slow speed permits compaction and squeezes 
or forces excess argon or another protective gas out of the charge space by leakage through th 

20 annular space between the ram 76 and shot sleeve 16. Immediately upon compacting the charg 
to a predetermined ram 76 position, the velocity of the ram 76 is rapidty increased raising the 
pressure to a level sufficient to bkm a plug 146 from the nozzle passageway 74 into a spme cavity 
148 designed to catch it. As the instantaneous pressure drops, the velocity increases to a 
programmed level, typically in the range of 40 to 120 inches/second in the case of magn slum 

25 alloys. Upon the ram reaching the position corresponding to a full die. the pressure again begins 
to rise at which time the controller 20. drops the pressure to a level as low as 10% of the steady 
state value achieved, and motkKi of the ram 76 is then arrested to reduce the pressure to zero or 
a negative value. The controller 20 pennits a wkle choice of velocity profiles in which the 
pressurs/velocity relatk>nship can be vaned by position duhng the shot cycle, which may typically 

30 be as short as 40 milliseconds or up to 200 milliseconds, of the ram 76, depending on the shot siz . 

Once the ram 76 stops advancing, the material located within the outlet passageway 74 
solidifies within the passageway forming a solid plug which seals off the passageway 74. This 
prevents the drooling of nurterial from the passageway 74 during opening of the mold halves 96 and 
98 and removal of the moMed article. This opening of the mold is also synchronized by the system 

35 controller 20 which causes th actuators 108 to retract the movabi platen 94 and mold 98 away 
from the stationary platen 90 and moid 96. This action also s rv s to break the sprue from th 
residual plug. Once opened, a transfer mechanism (not shown) removes the molded article from 
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the movabi mold 98 and the syst m controller 20 then causes the actuators 108 to re-close the 

moid for the next operating cyde. 

In the event vacuum enhanced molding is d sired, then to ensure compi te s aling of the 

movable mold 98 with the stationary mold 96. a seal is fonned l>y an appropriate sealing 
5 mechaHsm 144 which is retained with one of the mold halves 96 or 98. One such appropriate 

sealing mechanism would be an 0-ring variety. 

Once dosed and sealed, the mold cavity is evacuated by one or both evacuation sources 

118 oeh«ra"y creating a vacuum wrthin the mold cavHy 100. The plug 146 mentioned above. 

cooperates with the evacuation source 1 18 to ensure that complete evacuation occurs from the 
10 outlet norzle 72 through the sprue 106. gate 104 and funner 102. as well as the mold cavity 100. 

During subsequent molding of the next article, advancement of the ram 76 will cause th 

plug 146 to be forced out of the outlet passageway 74 and into the spme 106. The spnie 106 

extends beyond the gate 104 and is provided with a recess 148 which is intended to receive the 

solidified plug 146 without interfering with the fl0¥ving of the slurry through the gate 104 and runner 
15 102 into the mdd cavity 1 00. After molding, the plug 146 is retained with the solidified material of 

the gate 104 and runner 102 and will be trimmed from the artide during the subsequent trimming 

step. 

In an alternative embodiment of the present invention, the shot sleeve 16 is indin d with 
resped to the mold 18 as seen in FIG. 2. The shot sleeve 16 is indined at an angle A such that the 

20 nozzle 72 is positioned downwanl from the inlet throat 58. Preferably, the downward indinati n of 
the shot sleeve 16 is from 5" to 45» out of horizontal and more preferable from 15° to 30°. This 
promotes movement of the slurry away from the inlet throat 58 from the extmder 14 and into the 
shot sleeve 16. Because of the increased viscosity of the slurry and the absence of increased 
shear in the shot sleeve 16, minimal amounts of gas from the source 136 becomes entrapp d in 

25 the slurry which is being deposited into the shot sleeve 16. Additionally, the indination of the shot 
sleeve 16 causes the full charge of slurry volume to be located at the nozzle 72 end of the shot 
sleeve 16 before actuation of the ram 76. This further prevents the slurry charge from being forced 
out of the feed throat 58 and into the extnjder 14. Alternatively, the ban-el 38 of the extmder 14 
can be indined rdative to the shot sleeve 16 so that the barrel 38 feed throat 36 is elevated r lativ 

30 to its outlet opening 56. 

When the present invention is utilized with forging dies, as seen in FIG. 3. the shot sleeve 
16 is configured to directly deposit the thixotropic sluny into one die 96' of a forging press 18'. 
When the proper volume of the slurry has been deposited in the forging die 96'. the system 
controller 20 aduates an aduator, generally designated at 108'. moves a movable platen 
35 98'causingth d sired artid to be forged from th s misolid mat rial thixotropic slurry. 

Anoth r mbodiment of the present invention is seen in FIG. 4. In this embodiment, two 
or more extmders 14 are conneded to a common large capadty shot sle ve 16. Accordingly, 
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larger artid s can thus be molded without l>eing limited by the capacity of a single extOKler 14 in 
substantially a!! other respects, this embodiment operates the same as the fir^t described 
embodiment. 

Additionally, as schematically illustrated in FIG. 5. the extruder can be canted at an angl 
5 B, less than 90^ relative to the axis of the shot sleeve 16 so that material 24 is directed into the 
shot sleeve 16 generally in the direction of the nozzle 72. This can be done with or without inclining 
the barrel 38 relative to the shot sleeve 16. 

While the above description constitutes the preferred embodiment of the present inventi n. 
it wifl be appreciated that the invention is susceptible to modification, variation and change without 
10 departing from the proper scope arxl teir meaning of the accompanying daims. 
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CLAIMS 

1 An apparatus for processing material into a thixotropic state, said apparatus 
comprising: 

5 an extmder barrel having an inlet and an outlet said inlet located toward one end of said 

ban-ei and adapted to receive said material into said barrel at a first temp nature, 
said outlet adapted to transfer said material out of said bannet; 
feeder means for deivering said material into said barrel through said inlet; 
temperature means for controlling temperature of said material to a second temperature 
10 where said material is in a semisolid stM. said second temperature being b tween 

a solidus and iiquidus temperature of said material; 
shearing means for inducing a shearing action into said material in a manner to inhibit 
dendritic growth and induce fbmnation of spherical degenerate dendrites within said 
material and maintain said material in a semisolid tNxotropic state, said shearing 
15 means also moving said material through said barrel from said inlet to said outlet; 

a shot sleeve having an inlet and an outlet nozzle, said inlet located generally at n end 
of said shot sleeve and said outlet nozzle located generally at an opposing end of 
said shot sleeve, said inlet of said shot sleeve positioned to receive said material 
from said outlet of said barrel; 
20 a ram mounted for axial movement within said shot sleeve between fore and aft positions, 

actuation means for causing axial movement of said ram in said shot sleev 
between said fore and aft positions thereby ejecting said material out of said shot 
sleeve through sad outlet nozzle; 
control means for metering a predetermined amount of said material into said shot $1 eve, 
25 said predetermined amount corresponding with an amount capable of being 

discharged out of said outlet nozzle during one cycling of said ram; 
vatve means for dosing and sealing said inlet of said shot sleeve during movement of said 
ram preventing backflow of said material through said inlet during forward 
movement of said ram; and 
30 environment means for providing a protective atmosphere for said material whil in said 

apparatus, said protective atmosphere being non-reactive with said material 

2. An apparatus as set forth in Claim 1 wherein said ban-ei is adapted to receive said 
materials in a solid state. 

35 

3. An apparatus as set forth in Claim 1 wherein said ban^el is adapt d t receive said 
materials in a liquid state. 
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4. An apparatus as set forth in Claim 1 wtierein said banr l is adapted to receiv said 
nridteriais in a semisciid state. 

5. An apparatus as sat forth in Claim I wtierein said second temperatum^^^^ 
5 than said first temperatire. 

6. An apparatus as set forth in Qaim 1 wherein said shearing means indudes a 
rotatable screw and dnr^e mechanism for rotattng said screw such that material is moved from said 
inlet to said outlet of said barrel. 

10 

7. An apparatus as set forth in Claim 1 wherein said shearing means indudes an 
eledromagnetic pump such that material is moved through said banel. 

8. An apparatus as set forth in Claim 7 wherein said barrel indudes elements therein 
1 5 creating a tortuous passage enhancing shearing. 

9. An apparatus as set forth in Claim 1 wherein said ram indudes a head, when said 
ram Is in said aft position, said inlet of said shot sleeve being located between said head and said 
outlet nozzle. 

20 

10. An apparatus as set forth in Claim 1 wherein said ram indudes a head, when said 
ram is in said fore position said head k)eing located between said inlet of said shot sleeve and said 
outlet nozzle. 

25 11. An apparatus as set forth in Claim 1 wherein said control means includ s a 

microprocessing unit (MPU), said MPU coordinating the rate at which said shearing means mov s 
said material through said outlet. 

12. An e^aparatus as set forth in Cla^ 1 1 wt>erein said control means is coupled to and 
30 coordinates said feeder means, said shearing nrieans, said barrel temperature means, said 

actuation means, said valve means and said environment means to operate said apparatus. 

13. An apparatus as set forth in Gaim 1 wherein said valve means indudes a slide gat . 
said slide gate covering said inlet of said shot sleeve when said ram is in said fore position. 

35 

14. An apparatus as s t forth in Claim 1 wherein said valv means indudes a shroud 
fomned on said ram. said shroud ext nding rearward relative to said ram and covering said inlet of 
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said shot sle ve when said ram is in said fore position. 

15. An apparatus as set forth in Claim 1 wherein said protective atmosphere 
includes an inert gas thereby preventing oxidation of said material within said apparatus 

16. An apparatus as set forth in Qaim 1 wherein said protective atmosphere inciud s 
the fomiation of at a partial vacuum. 

17. An apparatus as set forth in Claim 1 wherein said temperature means generally 
heats s^d material to said second temperature before transfemng said material from said barrel 

18. An apparatus as set forth in Claim 1 wherein said temperature means g neraHy 
maintains said material at said second temperature while said material is in said shot si eve. 

19. An apparatus as set forth in Claim 1 wherein said temperature means includes a 
plurality of heating elements capable of heating said barrel. 

20. An apparatus as set forth in Qaim 1 wherein said environment control means 
includes plug forming means for forming a solidified plug of said material in said nozzle. 

21 . An apparatus as set forth in Claim 20 wherein said plug forming means indud s a 
temperature control mechanism with the nozzle to cool and solidify said material therein after 
molding of said article. 

22. An apparatus as set forth in Claim 1 further comprising a casting die, said casting 
die including a movable portion and a substantially immovable portion, said movable and 
immovable portions having surfaces cooperating to define a mold cavity, said mold cavity being 
oriented wrth said outlet nozzle to receive said material therefrom. 

23. An apparatus as set forth in Claim 22 wherein said casting die includes vacuum 
means for evacuating said die cavity. 

24. An apparatus as set forth in Claim 23 v^erein said vacuum means includes a 
solidified plug of said material in said outlet nozzle. 

25. An apparatus as set forth In Claim 1 wherein said shot sleeve is non-horizontally 
orient d. 
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26. An apparatus as set forth in Ctem 25 wherein said shot sleeve is onented such that 
said inSet thereof is raised relative to said nozzle outlet. 

27. An apparatus as set forth h Oairn 26 whemin said shot sleeve is inclined within the 
5 range of 5^ to 45° relative to horizontal. 

28 An ^sparatus as set forth in Qaim 26 wherein said shot sleeve is inclined within the 
range of 15*" to 30° relative to horizontal. 

10 29. An apparatus as set forth in Claim 1 further comprising a forging die. said f rging 

die adapted to receive said material from shot sleeve into a die cavity defined ther»in. 

30. An apparatus as set forth in Claim 29 wherein said for^jing die includes vacuum 
means for forming at least a partial vacuum in said die cavity. 

15 

31. An apparatus as set forth in Claim 29 wherein said vacuum means includes a 
solidified plug of said material located within said outlet nozzle. 

32. An apparatus as set forth in C\am 1 wherain said valve means indudes a skirt 
20 formed on said ram, said skirt covering said inlet to said shot sleeve during movement of said ram 

to said fore position. 
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